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Japanese Published Unexamined (Kokai) Patent Application No. H4-98880, published March 
31, 1992; Application No. H2-216776, filed August 17, 1990; Int. Cl.^ HOIL 31/0232 G02F 
1/025 HOIL 31/10; Inventor: Yoshihiro Koizumi; Assignee: NEC Corporation; Japanese 
Title: Hikari Kenshutsuki (Photodetector) 



1. Title of Invention 
Photodetector 

2. Claim 

A photodetector, characterized in that a photoattenuator that can change the amount 
of a light absorption is monolithically formed in front of a light entering unit of a photoelectric 
converter with at least a PN bonding, which comprises a semiconductor layer and which 
possesses a current supply means or an electric field charging means. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention pertains to photodetectors that are used for optical communications. 

[Prior Art] 

Optical communication systems begin to diffuse from main line optical communication 
systems characterized by a long distance and a large capacity to subscriber networks at short 
and intermediate distances and an intermediate capacity or local area networks (LANs). In the 
case of the main line optical communication systems, the systems are designed so that light 



receiving power in the reception systems to photodetectors has a free range given to a 
minimum light receiving sensitivity, in order to maximize the relay distance. In contrast, in the 
case of the subscriber photo communication systems, because the transmission distance is 
relatively short, light receiving power in the reception systems to photodetectors is sometimes 
relatively large. As a result, said light receiving power often deviates from linear response 
regions of the photodetectors or linear response regions of pre-stage ampliflers. 

[Problem of Prior Art to Be Addressed] 

Since prior art photodetectors comprise photoelectric converters with a PN bonding, 
when operating points of photodetectors or pre-stage amplifiers deviate from linear response 
regions, it causes a distortion and errors of receiving wave forms. In order to reduce the 
distortion of the receiving wave forms when such intense light is input, as shown in Fig.3, a 
means for controlling the DC level of an input transistor 25 (Electronic Information 
Communication Society: Spring National Meeting Proceeding Collection B-922, 1990, written 
by Motojima et al.) is used. However, when light that exceeds the linear response region of 
photodetector 20 is input, it is difficult to prevent the distortion of the receiving wave form. 

[Measures to Solve the Problem] 

The present invention ensures a linear response to an intense light input so as to 
eliminate said disadvantages, by taking a structure characterized in that a semiconductor 
photoattenuator that can change the amount of a photo attenuation is formed in front of the 
light entering unit of a photoelectric converter onto the same semiconductor substrate as that 
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of said semiconductor photoelectric converter. 
[Effect] 

The effect of the present invention is described next with reference to Fig.2. The light 
emitted from an optical fiber 10 enters a photoelectric converter 12 after it has passed a 
semiconductor variable photoattenuator 11 of a photodetector 17. A photo signal is converted 
into an electric signal by photoelectric converter 12. The photoelectric flow rate of said 
converted electric signal is then detected as a voltage value by a current detector 13. Said 
detected voltage value is compared with a reference voltage V rer by a differential amplifier 
14. When a light input that exceeds the reference voltage is detected, additional voltage is 
charged to variable photoattenuator 11 so as to increase the amount of a light attenuation of 
variable photoattenuator 11. 

With said effect, as for a photoreceptor that utilizes the photodetector of the present 
invention, when light that exceeds the linear response regions of the photdetector and the pre- 
stage amplifier is input, a detection of a photo signal that has a large linear response dynamic 
range in relation to photoelectric power is possible by the use of the variable photoattenuator 
so that said photoelectric power is adjusted for the linear response region prior to said photo 
signal enters the photoelectric converter. 

[Embodiment] 

The embodiment of the present invention is described next with reference to Fig.l. Fig.l 
is a cross-sectional view illustrating an embodiment of a photoattenuator with a variable light 



attenuation function of the present invention. A secondary diffraction grating 35 (pitch A = 
7430A) for a 1.3 fxm band is formed onto a sulfur (S) doping N type (100) InP substrate 30 
through a 100 jum length at 350 /Lim intervals by using an electron beam exposure and a 
chemical etching. After this, a photoconductive wave absorbing layer 31 [composition: 
InGaAsP (As = 1.3 /^m); thickness: 0.2 yum] and a light absorbing layer 34 [composition: 
InGaAsP (As = 1.3 //m); thickness: 0.5 jum] are grown in the order by using a vapor phase 
epitaxy (VPE). While leaving light absorbing layer 34 only on a part with secondary 
diffraction grating 35 presented, said light absorbing layer on other parts is selectively 
removed by a photolithography and a chemical etching. Following this, a P type InP clad layer 
[thickness: 1 //m] is grown on the entire surface. At the time, if P type InP layer grown on light 
absorbing layer 34 is grown in the form of a high ridge in comparison with the form of the P 
type InP layer grown on photoconductive wave absorbing layer 31, P type InP layer 32 grown 
into a high ridge is selectively removed by an etching, so as to flatten the surface. A P type 
contact layer 33 [composition: InGaAs; thickness: 0.2 jLim] is grown through the entire surface 
of flattened P type InP layer 32. In order to obtain an electrical separation between a 
photoelectric converter region 39 and a variable photoa ttenuator region 4 1, P type contact 
layer 33 and P type InP layer 32 are selectively removed up to the depth reaching 
photoconductive wave absorbing layer 31 through a 50 /^m length between the photoelectric 
converter and the variable photoattenuator, a chemical etching. An iron (Fe) dope InP layer 
38 is further selectively embedded and grown at 1.2 fzm in a groove (an element separation 
region 40) of a 50 /jtm length that is formed for an electrical separation of the photoelectric 
converter and the variable photoattenuator. After this, electrodes 36 and 37 are formed onto 
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an InP semiconductor substrate side and a P type contact layer side. An electrode on iron dope 
InP layer 38 is selectively removed with electrode 36 formed on the P type contact layer. After 
an electrode alloy process has been taken, all of the production processes are completed. 

As for the photodetector with the variable Ught attenuation function as described 
above, a photo signal with an attenuated photoelectric power is diffracted vertical to InP 
substrate 30 due to a Franz-Keldysh effect, by using secondary diffraction grating 35 provided 
in photoelectric converter region 39. 

Said light diffracted by secondary diffraction grating 35 is converted into photo current 
with light absorbing layer 34. As a result, a linear photo detection with a large dynamic range 
for photoelectric power is possible by using the photodetector with the variable light 
attenuation function as described as in the embodiment. 

[Advantageous Result of the Invention] 

As described above, according to the present invention, a linear photo detection for 
photoelectric power can be achieved, which has a large dynamic range. 

Brief Description of the Invention 

Fig.l is a cross-sectional view of an embodiment illustrating a structure of a 
photdetector with a variable light attenuation function of the present invention. Fig.2 
illustrates a structure of a photoreceptor that uses the photodetector with the variable light 
attenuation function of the present invention. Fig.3 illustrates a structure of a large dynamic 
range photoreceptor that uses prior art photodetector. 
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10...Optic fiber 
ll...Variable photoattenuator 
12...Photoelectric converter 
13...Current detector 
14...Differential amplifier 

17.,.Photodetector with a variable light attenuation function 

20...Photodetector 

25...Field-effect transistor 

30...InP Semiconductor substrate 

31...Photoconductive wave absorbing layer 

32...P type InP layer 

33...P type contact layer 

34...Light absorbing layer 

35...Seco*ndary diffraction grating 

36...Electrode 

37...Electrode 

38...Semi-insulating semiconductor layer 
39...Photoelectric converter region 
40...Element separation region 
41. ..Variable photoattenuator region 
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